An important factor in such studies is a satisfactory medium, preferably of known chemical composition. For many years nutrient broth and agar with various additives were regularly employed (McCraw, 1952) . Later it was observed by various workers that the addition of yeast extract improved growth in these media. Recently a trypticase-yeast extract medium has been devised which gives both good growth and excellent pigment production (Gutsell and Snieszko, 1946, 1948) . The first chemically defined synthetic medium reported was described by Griffin, Snieszko, and Friddle (1952) . These workers prepared first a semi-synthetic medium employing acid hydrolyzed casein, and then a rather complex synthetic medium composed of a large number of amino acids, vitamins, other organic substances and mineral salts. While the synthetic medium gave good growth of B. sa8monicida, it was of empirical definition and many of the components were probably not required.
The purpose of the present investigation was to examine in greater detail the actual nutritional requirements of B. 8almonicida and, on the basis of the results, develop a simpler synthetic medium which could be advantageously employed in definitive physiological studies of the bacterium.
EXPERlIENTAL METHODS
Cultures employed and their maintenance. Two strains (No. 1 and No. 9) of B. 8almonicida which were originally isolated from different diseased fish by Dr. P. J. Griffin were employed for this study. The stock cultures of these strains, on trypticase-yeast extract agar slants, were incubated for 24 hr at 22-25 C and then stored at 5 C until needed.
Media employed in nutritional requirement studies. The media used were based on the synthetic medium of Griffin et al. (1952) with the exception of trypticase-yeast extract broth which was used as an index of optimal growth. Griffin's liquid medium was employed as a check on the relative amounts of growth obtained In the various incomplete media. Media were then prepared which differed from Griffin's medium only in that they each lacked one component. Components were prepared in individual aqueous solutions so that media of any desired composition could be prepared merely by combining the correct volumes of the solutions of the ingredients desired. The composition of the stock solutions and the volumes employed appear in table 1.
Each medium was prepared and dispensed into five 125-ml Erlenmeyer flasks using 30 ml per flask. Two flasks were inoculated with strain 1 and two with strain 9; the remaining flask was used as a sterile control. Distilled water controls were also employed.
Inoculation and incubation. The inoculum for both strain 1 and strain 9 was prepared by inoculating tubes containing 5 ml of trypticase-yeast extract broth and incubating for 24 hr at 22-25 C. These cultures were centrifuged at 2,000 rpm for 10 min and the supernatant fluid decanted. The cells were then washed with three successive 10-ml portions of sterile saline. After washing, the cells were suspended in a tube containing 15 ml of saline. Flask inoculations were made by transferring 0.5 ml of cell suspension to each flask. The flasks were incubated 72 hr at 22-25 C during which time the flasks were manually agitated at regular intervals.
Measurement of growth. After incubation, the amounts of growth of each strain of B. 8almoni-cida occurring in the different types of media were measured with the aid of a Klett-Summer-673 son photoelectric colorimeter fitted with a 660 myA filter. For each medium the uninoculated control was used to set the instrument to zero. Growth was measured in terms of the optical density of the inoculated media in excess of that of the respective uninoculated controls. The mean of the optical densities of each set was used as the expression of the amount of growth of the particular strain in that medium. These results appear in table 2.
Determination of the composition of the simplified medium. After the amount of growth of strain 1 and strain 9 in each incomplete medium had been determined, it was possible to decide which constituents were not essential and could be eliminated from a new simplified medium. Only those components whose absence from the medium resulted in a decrease in optical density greater than 10 per cent of the optical density of the growth occurring in the complete Griffin me- 60  55  32  62  61  33  62  52  55  56  60  60  41  4  72  41  61  50  52  56  50  39  49  48  50  57  56  45  44   14  0   60  75  27  68  64  61  79  60  76  74  78  83  49  5  62  59  83  77  70  81  75  35  71  47  74  77  74  50 In these studies, only one purine or pyrimidine had been omitted at a time, and no one such compound was found to be essential. However, no media had been prepared in which all such compounds were simultaneously lacking. In order to determine whether or not it might be desirable to include at least one such compound in the new medium, two versions of this medium were employed in testing its suitability for the growth of B. salmonicida. Flasks were prepared containing the simplified medium described in table 3 with and without the addition of 1 mg per cent of adenine. Two flasks of each medium were used as sterile controls and two inoculated with each strain. These were incubated and the resultant growth was determined by methods described above.
RES5IUT
Growth in incomplete media. The amounts of growth in the various media are recorded in table 2. It can be seen that many components of Griffin's complete medium were not needed for growth by either strain.
With strain 1 it was found that Griffin's medium and many of the incomplete versions of it gave as much or nearly as much growth as was obtained in the supposedly optimal trypticase- yeast extract medium. For this strain only MgSO4, NaCl, salts solution, alanine, arginine, sodium glutamate, isoleucine, methionine, and cystine appeared to be necessary for good growth.
With strain 9 it was found that Griffin's medium and many of the incomplete versions of it gave growth in excess of that obtained in the supposedly optimal trypticase-yeast extract medium, indicating that for this strain the synthetic preparations were improvements over the nonsynthetic medium. This strain required serine and asparagine in addition to the compounds required by strain 1.
When methionine and cystine were simultaneously omitted, a growth depression resulted that was more marked than that resulting from the omission of either acid alone.
Growth in the simplified medium. The amounts of growth of strain 1 and strain 9 in the simplified media appear in table 4. While good growth of both strains did occur in the medium that did not contain adenine, better growth was obtained in the medium to which 1.0 mg per cent of adenine was added.
DISCUSSION
Griflin's synthetic medium was able to support the growth of B. 8almonicida as well as was the supposedly optimal trypticase-yeast extract medium. However, the present investigation showed that most of the constituents of Griffin's medium were not essential for the growth of either strain.
There was a close similarity in the requirements of both strains although some differences did appear. While the omission of asparagine appreciably decreased the growth of strain 9, its omission resulted in an actual increase in the growth of strain 1. Also, serine appeared necessary for optimal growth of strain 9 but not for strain 1. Argi-
